It has been an aim of the clinical physiologist to be able to measure continuously such physiological variables as pressure, temperature, and hydrogen ion concentration under conditions of minimal disturbance to the subject or his environment.
The development of miniature electronic components, such as the transistor, has made it possible to construct transducers and amplifiers within such a small space that studies can be undertaken in hitherto inaccessible parts of the human body. A radio transmitter with a total volume of approximately 2 cc. which can transmit information from the inside of the body was described in 1957 (Mackay and Jacobson, 1957) . These devices have been further developed and they have been used mainly to investigate the gastrointestinal tract. Telemetering capsules ('radio pills') capable of recording pressure, temperature, and pH have been produced and a review of these devices is given elsewhere (Mackay, 1959 (Mackay, , 1961 Jacobson, 1960; Wolff, 1961) . They transmit a frequency modulated signal in the frequency range 300 Kc/s to 10 Mc/s. The pressure pill modifications described in this paper enable the construction of a simple, reliable and inexpensive device. SPECIFICATION 1 The device should be as small as possible and not greater than 3 cm. long by 1 cm. diameter.
2 The battery must be replaceable. Available pills in Great Britain permit of single studies only.
3 The transmissions should continue for not less than 50 hours.
4 The response to pressure should be linear.
5 It must possess a sensitivity which can be adjusted from 50 cm. water to 300 cm. water full-scale deflection on the recorder.
6 The temperature stability should be such that the pressure measured is accurate to 10 % over the range of 95°F. to 105°F. 7 The frequency on which the pill transmits should be variable so that two or more pills can be used synchronously in one subject.
8 The characteristics of the diaphragm should not be affected by the body fluids encountered by the capsule.
9 The design should be flexible so that parameters other than pressure can be measured without necessitating major basic modifications of the capsule.
The pills described so far have fallen short of these ideal requirements in one or more respects.
All circuits use the variation in inductance. Pressure variations on a rubber or perspex diaphragm or a metal bellows cause movement of a ferrite core or disc which modifies an inductance in the circuit. Both rubber and perspex are affected by water and body fluids. To overcome this, silicone grease (Connell and Rowlands, 1960) or a silicone fluid seal is necessary between the diaphragm and the body fluids. Even when these precautions are taken, and a special rubber has been developed for this purpose (Jacobson, 1960) , long-term changes still occur. The ferrite pot core (Rowlands and Wolff, 1960) seemed to offer the possibility of using a metal diaphragm.
CONSTRUCTION
The circuit used is the Clapp oscillator shown in Fig. 1 . The inductance (L) is wound on a small ferrite pot core and the magnetic circuit completed by a disc of ferrite. The inductance depends on the air gap between this disc and the core, variations in the gap causing a change in the inductance (L), and this in turn leads to a change in frequency of oscillations. The carrier frequency is in the band 300 to 500 Kc/s and the modulation caused by a positive pressure is such as to decrease the frequency by approximately 20 Kc/s.
The components are wired into a perspex former and sealed into the perspex body before the diaphragm assembly is undertaken.
The mechanical layout is shown in Fig. 2 . The body of the pill is machined from i in. diameter perspex rod. The metal diaphragm is a silver-plated 1 thou. thick copper disc 7-5 mm. in diameter. This rests on a shoulder machined into the perspex body. A Fig. 6 . It will be seen that, from battery changes alone, the pill is stable within the above period assuming that 30 minutes is allowed for the pill to stabilize after refuelling. The drift in I 5 base line during recordings from ingested pills corresponds to a change in the carrier frequency of less than 3%; this figure is inclusive of receiver drift. On pills tested after recovery and refuelling, the pressure calibration has been found to be the same.
RECEIVING TECHNIQUES
The radio receiver is of a simple type (Fig. 7) . This receiver is inexpensive and, provided local interference is not a problem, is also reliable. The radio signal is picked up on a small ferrite aerial, amplified, and then demodulated by mixing with a local oscillator signal of the same frequency as that of the pill. The resulting audio signal is then amplified and counted on the rate- meter. The ratemeter converts the 0 to 20 Kc/s audio signal into a 0 to 1 m.amp current which is recorded on a pen recorder. The receiver drifts less than + 1 Kc/s in 24 hours after an initial warm-up period of 30 minutes. The circuit will respond to 10 microvolts of signal at the input and the ratemeter is independent of signal strength from 10 microvolts to 100 millivolts. With this receiver it is possible to lose the signal if the pill is orientated in a critical position. In practice this happens rarely and if a clamp circuit holds the ratemeter until the signal returns the record is not seriously affected. The signal level can also be recorded but in our initial studies this has not been necessary.
The clinical readings are made by adjusting the base line to 0-2 m.amps on the recording milliameter. If the signal is lost during the recording the needle returns to zero on the paper. The complete instrument together with the recorder is shown in Fig. 8 .
To date our clinical studies have been limited to the life of the pill (80 hours). The receiver described by Jacobson (1960) would seem to be the one of choice for studies over periods greater than three days.
CLINICAL APPLICATION
The telemetering capsule and the radio receiver described above have been used to study the effect of various abdominal operations on gastro-intestinal motility in man. The capsule, previously sterilized by immersion in 0.5 % solution of hibitane in spirit for four hours, is inserted at the duodeno-jejunal flexure. Thus, without inconvenience to the patient, the pill can be monitored continuously from the end of the operation until the return of typical type 3 pressure waves is observed on the permanent record.
The duration of small bowel paralysis after various operations, including resection of the vagus nerves to the stomach, has been determined and is soon to be reported. Changes in gastric motility are recorded by suturing a capsule to the gastric mucosa. The results of these studies have an important bearing on the postoperative management of patients undergoing gastrointestinal surgery.
In some patients, recordings have been made simultaneously from the stomach and small intestine. This has been rendered feasible by the flexibility of the design of our telemetering device.
In clinical experiments on the urinary bladder, the stability of our pill has permitted measurement of absolute pressures during postural changes, and recordings of intravesical pressure during normal micturition.
CONCLUSIONS
The pills described above have been shown capable of recording pressure changes over the period of the battery life (80 hours).
The drifts in the recorder base line are small but these could be reduced considerably by improving the receiver. These improvements would seem to be essential if the radio pill is to be used as a diagnostic technique in gastroenterology.
The information collected over a period of three days is considerable, and some method of electrical recording such as magnetic tape is necessary in order that electronic analysis can be made. Collecting information from pills sutured in known parts of the intestine will aid this analysis. From our experience it is clear that economic considerations alone demand that the device be recoverable. Most clinical research projects require a large number of experiments and, furthermore, it is difficult to envisage adequate testing of a sealed device without loss of a large proportion of the useful life.
In future developments a smaller device would seem to offer possibilities for studies in children but it is difficult to see how the present design could be reduced significantly.
An externally energized pill would offer advantages if recordings over many months are envisaged and if it enabled the size to be reduced substantially. Recordings from dogs have been made by Jacobson and Lindberg (1960) over a period of three weeks and, using a larger battery, for as long as three months.
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